Regional protein synthesis was investigated in the rat brain during long-term recovery from insulin induced hypoglycemia with 30 min of cerebral electrical silence, At various time intervals up to 14 days after glu cose replenishment, animals received a single dose of L [3,5-3 H]tyrosine and were killed 30 min later. Brains were processed for autoradiography using the stripping film technique, Although hypoglycemia sufficiently severe to cause cessation of EEG activity leads to almost complete inhibition of amino acid incorporation in all "vulnerable" forebrain structures (cerebral cortex, hippocampus, cau doputamen), autoradiographs revealed a very specialized sequence with differential posthypoglycemic restoration of biosynthetic activity in certain neuronal cell types. Three major subpopulations could be distinguished: Neu rons that fully regained their protein synthetic capacity within 6 h following hypoglycemia (cortical neurons of layer III-VI, large neurons in the caudoputamen, CA 3 and CA4 pyramidal neurons, the majority of granule cells Although hypoglycemia is a global insult, its ef fects on the brain are regionally different. This het erogeneity applies to changes in glucose consump tion, blood flow, energy homeostasis, protein syn thesis, and neuronal cell death. Application of the [ 1 4 C]deoxyglucose technique to hypoglycemic "coma" (defined by us as hypoglycemia of suffi cient severity to cause cessation of spontaneous EEG activity) showed a striking heterogeneity in glucose consumption, with low values in the neo cortex, hippocampus, and caudoputamen and high values in the brains tern and cerebellum (Abdul Rahman and Siesjo, 1980). Although this technique does not give quantitative values for glucose utili-Ann Neural 11 :491-498 Ratcheson RA, Blank AC, Ferrendelli lA (1981) Regionally se lective metabolic effects of hypoglycemia in brain. J Neu rochem 36: 1952-1958 Rea MS, Simon JR (1981) Regional distribution of cholinergic parameters within the rat striatum. Brain Res 219:317-326 Reid WD, Volicer L, Smookler H, Beaven MA, Brodi BB (1968) Brain amines and temperature regulation. Pharmacology 1 :329-344 Schultze B, Citoler P, Hempel K, Maurer W (1965) Cytoplasmic protein synthesis in cells of various types and its relation to nuclear protein synthesis. In: Use of Radioautography for the Investigation of Protein Synthesis (Leblond CP, Warren KB, eds), New York, Academic Press, pp 107-138 Siesjo BK (1981) Cell damage in the brain: a speculative syn thesis. J Cereb Blood Flow Metabol I: 155-185 Siesj6 BK, Abdul-Rahman A (1979) Delayed hypoperfusion in the cerebral cortex of the rat in the recovery period fol lowing severe hypoglycemia. Acta Physiol Scand 106:375-376 Siesj6 BK, Ingvar M, Pelligrino D (1983) Regional loss of auto regulation during severe, insulin induced hypoglycemia. J Cereb Blood Flow Metabol 3(suppl 1):658-659 Simon RP, Swan JH, Griffiths T, Meldrum BS (1984) Blockade of N-methyl-D-aspartate receptors may protect against isch emic damage in the brain. Science 266:850-852 Vogt C, Vogt 0 (1922) Erkrankungen der GroBhirnrinde im Lichte der Topistik, Pathoklise und Pathoarchitektonik. J Psychol NeuroI28:l-171 Weil A, Liebert E, Heilbrunn G (1938) Histopathologic changes in the brain in experimental hyperinsulinism. Arch Neurol Psychiatry 39:467 -481 Young WS, Kuhar MJ (1979) A new method for receptor auto radiography: eH)opioid receptors in rat brain. Brain Res 179:255-270
of the dentate gyrus) seemed to escape neuronal necrosis.
Prolonged impairment of protein synthesis with only par tial restoration during the early posthypoglycemic re covery period (CAl neurons, most small-to medium sized neurons of the caudoputamen) carried an increased risk of permanent cell damage. The large majority of these neurons, however, showed full recovery of protein synthesis as late as 7 days after hypoglycemia. Neurons with complete lack of amino acid incorporation after 6 h of recovery (granule cells at the crest of the dentate gyrus, small neurons of the dorsolateral caudoputamen) never resumed protein synthesis, regressed, and died. These studies in conjunction with morphological analysis indicate that the sequential recovery of protein synthesis reflects the extent to which neuronal populations are at risk during severe hypoglycemia. Key Words: Autora diography-Cerebral protein synthesis-Hypogly cemia-Selective vulnerability. zation during severe hypoglycemia, these data dem onstrate interregional differences in glucose avail ability. In addition, the blood flow response to hy poglycemia is regionally different both during hypoglycemia and in the recovery phase (Abdul Rahman et aI. , 1980) . While many regions lose vas cular autoregulation during hypoglycemia and be come hypoperfused at very moderate degrees of ar terial hypotension, others (of which the cerebellum is an example) have preserved autoregulation (Siesjo et al. , 1983) . Some regions, notably the neo cortex, hippocampus, and caudoputamen, develop a pronounced hypoperfusion during recovery (Abdul-Rahman et aI. , 1980) .
Results from two laboratories subsequently showed that cellular energy failure and metabolic perturbation during hypoglycemia occurred earlier and were more pronounced in vulnerable forebrain structures such as the neocortex, hippocampus, and caudoputamen as compared with more resistant structures such as the cerebellum and the brainstem (Agardh and Siesjo, 1981; Agardh et aI. , 1981; Ratcheson et aI. , 1981) . Corresponding regional dif ferences exist in the rate of protein synthesis: Vul nerable structures show markedly reduced protein synthesis during the first 30 min of hypoglycemic coma, whereas hypothalamic nuclei, brainstem structures, and cerebellum maintain their biosyn the tic activity (Kiessling et aI. , 1982) . However, after extended periods (90 min) of hypoglycemic coma, the latter structures also reveal a breakdown of polyribosomes with concomitant inhibition of protein synthesis, demonstrating that what protects these structures only causes a delay in metabolic failure (Kiessling et aI. , 1984b; cf. Agardh et aI. , 1981) .
With the advent of a long-term recovery model, it has been possible to assess the density and the distribution of persistent neuronal damage in the brain resulting from a pure hypoglycemic insult (Auer et aI. , 1984a, b) . Not unexpectedly, these studies have shown that neuronal necrosis is in curred in the neocortex, the hippocampus, and the caudoputamen. Within these structures some neu ronal cell populations are again preferentially vul nerable. These are often located in close relation ship to the CSF and tissue fluid pathways, which has led some authors to suggest the presence of a fluid-borne toxin (Weil et aI. , 1938; Auer et aI. , 1984b) .
Sequential morphological studies further dem onstrate that hypoglycemic nerve cell death does not occur during hypoglycemia or immediately after glucose reinfusion (Auer et aI. , 1985a, b .. Kalimo et aI. , 1985) . Suppression of neuronal metabolism and loss of cell organelles may extend over a period of several days. Nuclei with a shrunken acidophilic perikaryon have been observed as long as several weeks after severe hypoglycemia.
In this study we have investigated whether neu rons destined to die from hypoglycemia do so without resuming metabolic activity, or if cell ne crosis occurs after a free interval with apparent metabolic recovery. Regional protein synthesis was investigated at various stages up to 14 days of posthypoglycemic recovery to assess the predictive value of inhibited cerebral protein synthesis in the evolution of permanent neuronal cell loss (Kleihues et aI. , 1984) .
MATERIALS AND METHODS

Chemicals
L-[3,S-3 HjTyrosine (specific radioactivity 40 Ci/mmol) was obtained from Amersham International (V.K.). For injection, it was dissolved in 0.9% saline at a concentra tion of 8 mCi/ml.
Experimental procedures
The model has been described fully in a previous pub lication (Auer et aI., 1984a) . Briefly, male Wi star rats (300-410 g) were fasted the night before the experiments, with free access to tap water. Forty to sixty minutes prior to operation, the rats were given a total of 9-22 IV/kg of insulin (Actrapid; Novo Industri A/S, Copenhagen, Den mark). They were anesthetized with 3% halothane, in tubated, and initially ventilated with 0.8% halothane in N,O/O, (2: 1, vol/vol). Two tail veins and the tail artery were cannulated, and continuous paralysis maintained via an intravenous infusion of suxamethonium. The animals were then ventilated with NP/02 (2: 1, vol/vol). The ar terial Po2, Peo2, and pH were maintained within the phys iological range. Rectal temperature of 37.S ± O.soC was controlled by means of a heating lamp. Bipolar inter hemispheric EEG and blood pressure were continuously monitored.
Arterial blood glucose levels prior to and during the isoelectric period were determined fluorometrically using the hexokinase method (Folbergrova et aI., 1972) . After 30 min of EEG isoelectricity, recovery was induced with a slow injection of 0.2 ml of a SO% (vol/vol) glucose so lution. An infusion of the same solution at I.S ml/h was then tapered over the ensuing hours, and substituted with a 1: 1 mixture of SO% glucose and Krebs-Henseleit so lution in order to maintain plasma glucose levels between S and 10 mM. Following extubation (usually 1-3 h after glucose-induced recovery), blood glucose, blood gases, and pH were checked in the awake, conscious animal before removal of the tail catheters. Animals with long term recovery were weighed and examined daily. Studies were carried out on a total of 11 animals. Regional protein synthesis was investigated in one animal each at control, 30 min of hypoglycemia and hypoglycemia with long-term recovery of 6 and 24 h, 3, 7, and 14 d. Two animals were examined at 1 and 3 h of post hypoglycemic recovery, re spectively.
Preparation of autoradiographs
All animals were killed 30 min after the intravenous administration of [3Hltyrosine (3S mCi/kg). Transcardiac perfusion was performed on the reintubated, ventilated rat under 0.8% halothane anesthesia. Heparin (90 IV) was given via the left ventricle prior to washout of the vas culature with isotonic saline. Tissues were fixed with 4% (vol/vol) formaldehyde solution at 4°C containing O.S% (wt/vol) trichloroacetic acid and 0.1 % (wt/vol) unlabeled L-tyrosine. After overnight stabilization at 4°C, the brains were removed and fixed in the same solution for a further logic parameters, and EEG correlation with mor phological evaluation of brain damage have previ ously been described (Auer et aI. , 1984a,b) . Briefly, insulin administration caused an initial sharp de cline of blood glucose levels followed by an ex tended period of slowly progressive reduction to a final range of 0. 12-1. 36 mM plasma glucose. As glucose levels fell to <2. 0-2. 5 mM, the EEG passed through a characteristic sequence of altera tions: High-amplitude slowing was followed by a burst suppression pattern, the latter indicating the imminent onset of isoelectricity. With the onset of hypoglycemic coma, mean arterial blood pressure increased to 140-160 mm Hg.
Recovery by intravenous administration of glu cose was regularly accompanied by an abrupt initial drop of MABP to 80-100 mm Hg, immediately fol lowed by several minutes of hypertension and a gradual return to normal pressures during the first hour. The EEG often went through the reverse of the sequence seen during the "precoma" stage. No epileptiform activity was seen in the recovery EEG in any of the animals.
Rats with long-term survival showed reduced mo tility, but were able to survive without special care.
Protein synthesis
Cerebral cortex: control. A low-power view of normal cerebral cortex showed a pattern of 3 H_ amino acid incorporation identical to previous ob servations (Oehlert et aI. , 1958; Kiessling and Klei hues, 1981) . There was a homogeneous [ 3 H]tyrosine incorporation into neurons of layers II-VI with a sharp demarcation between densely labeled layer II and the paucicellular layer I (Fig. 1) . The large py ramidal cells of layer V were easily distinguishable due to their particularly dense labeling and the sparsity of surrounding small neurons ( Fig. 2) . La beling was clearly less intense in endothelial and glial cells. Cerebral cortex: 30 min of hypoglycemic coma, no recovery. After 30 min of isoelectricity, only a few scattered neurons in all cortical layers showed minor protein synthetic activity (Fig. 2) , the cortex appearing nearly blanched at low-power view (Fig.  1) . Only the posterior parasagittal and entorhinal cortex were relatively spared with partially main tained amino acid incorporation in the majority of neurons. Labeling of meninges, choroid plexus, en dothelial, and some perineural satellite oligodendro cytes was apparently unaffected.
Cerebral cortex: 1 h of recovery. Upon glucose administration, resumption of protein synthesis was seen first in neurons of the middle cortical layers, especially layer V (Fig. 2) . In addition, the inner 1986 portion of layer VI, immediately adjacent to the corpus callosum, showed improved [ 3 H]tyrosine in corporation, while labeling of the superficial layers was still extremely poor ( Fig. 1 ). Cerebral cortex: 3 h of recovery. Neurons in all cortical layers were now engaged in protein syn thesis to a much greater extent than after 1 h ( Fig.  I) . Severe reduction of incorporation was still evi dent in layer II (Fig. 2) . In one animal the cortex of the lateral convexity and the primary olfactory cortex showed earlier recovery than the mesial cor tical regions (cingulate gyrus).
Cerehral cortex: 6 h of recovery. Further im provement of neuronal labeling was evident in all laminae except layer II, where the delay in recovery was now more prominent (Fig. 2) . The overall in tensity of 3 H-amino acid incorporation was slightly increased at this time point when compared with the control rat.
Cerebral cortex: 24 h and 3 days of recovery. After these survival periods, recovery had pro ceeded to the point where the only difference from control cortex was a lack of the normally sharp de marcation between the sparsely cellular layer I and the densely cellular layer II due to retarded re covery of the most superficial neurons (Fig. 1) .
Cerebral cortex: 7 and 17 days of recovery. In unstained autoradiographs, the pattern of protein synthesis in the cerebral cortex after 1 and 2 weeks of recovery was essentially identical to that in the control animal ( Figs. 1 and 2) .
Calldoputamen: control. Amino acid incorpora tion within the caudate nucleus was found to be slightly more intense laterally due to the propor tional decrease of white matter. The pattern was characterized by less densely labeled intersecting white matter bundles, resulting in a "mottled" ap pearance of amino acid incorporation ( Fig. 1) . A few scattered large neurons were distinguished by their particularly high intensity of labeling when compared with small-to medium-sized neurons.
Caudoputamen: 30-min coma, no recovery. After 30 min of isoelectricity, almost complete inhibition of l 3 H]tyrosine incorporation was seen in all neu ronal and glial cell types within the caudate nucleus ( Fig. 1) . Labeling was restricted largely to capil laries, ependyma, and to a lesser degree the sub ependymal matrix zone.
Caudoputamen: 1 h of recovery. One hour after glucose administration, small-and medium-sized neurons showed an intensity of labeling only mar ginally above background. Labeling of large neu rons clearly exceeded that of small-and medium sized neurons, but was still subnormal when com pared with control ( Fig. 2) .
FIG. 1. Autoradiographs of the telencephalon at the level of the anterior commissure, demon strating the regional incorpora tion of [ 3 H]tyrosine into brain proteins in a control rat (C), after 30 min of hypoglycemia without recovery (0), and at var ious stages of posthypogly cemic recovery (1 h to 7 days). With the exception of the rostral hypothalamus and the ento rhinal cortex, protein synthesis is preserved only in the choroid plexus, endothelia, and men inges. Note the early (between 1 and 6 h) resumption of protein synthesis in the middle and inner cortical layers and the very late (between 3 and 7 days) restoration of the characteristic mottled pattern of amino acid incorporation in the caudopu tamen. Unstained auto radio graphs. x 7.0.
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Caudoputamen: 3 h of recovery. An even clearer distinction between the different cell types was present after 3 h of recovery. Progressive restora tion of protein biosynthesis in large neurons was accompanied by only minimal improvement in smaller neurons and the surrounding neuropil (Fig.  2) .
Caudoputamen: 6 and 24 h of recovery. The overall intensity of labeling had further improved due to partial restoration of incorporation in small to medium-sized neurons. At 24-h recovery, auto radiographs revealed a gradient of labeling within the caudoputamen: Resumption of protein syn-( thesis in the lateral portions tended to lag behind the increasingly efficient recovery in more medial parts and the subependymal zone (Fig. 1) .
Caudoputamen: 3 days of recovery. The most prominent feature after 3 days of recovery was a striking delay of the overall extent of recovery within the caudoputamen when compared with the cerebral cortex (Fig. 1) . The gradient of labeling within the nucleus was still present but less pro nounced than at 24 h.
Caudoputamen: 7 and I4 days of recovery. At a low-power survey view; amino acid incorporation both medially and laterally had now plateaued at control levels (Fig. 1) . In medial fields, this was caused by full recovery of protein biosynthesis in small-to medium-sized neurons and the sur rounding neuropil. Laterally, however, very few labeled triangular perikarya could be detected. Labeling here was due mainly to small oval-and star-shaped nonneuronal cells, presumably reactive microglia.
Hippocampus: control. In the hippocampus, la beling of neurons was very intense and homoge neous throughout the pyramidal cell layer and granule cells of the dentate gyrus. The neuronal cell band thus stood out sharply against the adjacent neuropil (Fig. 3) .
Hippocampus: 30-min coma, no recovery. After 30 min of isoelectricity, the hippocampus appeared blanched due to extremely reduced labeling of neu- 1986 FIG.2. Temporal profile of post hypoglycemic recovery of pro tein synthesis in individual cor tical layers (I-VI) in the lateral corpus callosum (CC) and the subjacent caudoputamen (CPu). Upon glucose adminis tration, recovery of protein syn thesis is first seen in the large pyramidal cells of layer V, fol lowed by the inner segment of layer VI and layers Iii-IV. Note the disproportional recovery at 6 h with almost complete resto ration of amino acid incorpora tion in the cerebral cortex (ex cept layer Ii), while recovery in the caudoputamen is restricted largely to a few scattered large neurons. Unstained autoradio graphs of transverse sections from the parietal cortex (Area II) and the dorsolateral caudopu tamen. x65. ronal cell bodies, processes, and glial cells (Fig. 3) . An almost complete lack of incorporation was seen in the granule cells of the dentate gyrus and pyra midal neurons of sectors CAl and CA4. Only in CA 3 was some minimal labeling of neuronal perikarya maintained, but hardly exceeded that of interfas cicular oligodendrocytes in the adjacent corpus cal losum.
Hippocampus: 1 and 3 h o/recovery. Apart from a slight general increase in intensity, the pattern of incorporation after 3 h closely resembled that after the first hour of recovery, Partial resumption of pro tein synthesis first occurred in CA3 neurons, whereas the vast majority of CAl and CA4 neurons still showed complete absence of incorporation (Fig. 3) . A notable exception were a few dispersed and heavily labeled neurons localized within or im- mediately next to the main cell band of both CAl and CA 3 . The dentate gyrus also exhibited a fairly extensive recovery except for the crest region and the adjacent part of the external blade. Hippocampus: 6 h of recovery. There was now resumption of protein synthesis in CAl pyramidal neurons, although to a much lesser extent than in the remaining hippocampal subsectors (Fig. 3) . The dentate gyrus exhibited an intensity of labeling sim ilar to control apart from the persistent clear-cut deficit at the crest region.
Hippocampus: 24 h of recovery. Further im provement of protein synthesis was seen in most CAl neurons, but due to some patchy decreases the normal homogeneous pattern of labeling was not yet achieved. The few neurons with exceptionally early recovery could no longer be distinguished from the remaining cells of the CAl sector. When compared with CA 3 and CA I ' there was a clear re tardation in the return of protein synthesis in the subiculum. The dispersed CA 4 neurons next to the crest of the dentate gyrus showed normal incorpo ration and thus gave a sharp contrast to the neigh boring granule cells with focal complete lack of la beling.
Hippocampus: 3 and 7 days of recovery. All py ramidal neurons now showed a very homogeneous amino acid incorporation, and in both animals the subiculum and the CAl sector were definitely no longer deficient in protein synthesis. A persistent defect was evident at the crest of the dentate gyrus. In hematoxylin and eosin-counterstained sections, "naked" granule cell nuclei could be identified with surrounding heavily labeled macrophages and glial cells (Fig. 4) .
Hippocampus: 14 days of recovery. In this an imal, a homogeneous pattern of amino acid incor poration was found with two exceptions: There was interruption and patchy labeling in the subiculum and in CAl' In hematoxylin and eosin-counter stained sections, numerous neurons could be iden tified that were not participating in protein syn thesis. These neurons looked very much like those cells at the crest of dentate gyrus, which still com pletely lacked protein synthesis at this stage (Fig. 3) .
DISCUSSION
U sing Kodak AR 10 stripping film and a tracer dose of a tritiated L-amino acid, high-resolution au toradiographs can be prepared that allow the as sessment of amino acid incorporation in distinct neuronal, glial, and endothelial cells (Kiessling and Kleihues, 1981; Kiessling et aI. , 1982; Kleihues et aI. , 1984.) . Because of the large amounts of 3 H ra- dioactivity required for this approach, [ 3 H]tyrosine, especially prepared with high specific radioactivity (Birkofer and Hempel, 1963) and kindly provided by Prof. K. Hempel (University of Wiirzburg, Wiirzburg, F. R.G.) has been used as tracer in a study of cerebral protein synthesis during hypogly cemia (Kiessling et aI. , 1984b) . Since the present study extends our previous observations, L-tyro sine rather than one of the more established tracers (e. g., leucine, valine, or phenylalanine) was again chosen as precursor. The incorporation rate of ty rosine into proteins measured biochemically is sim ilar to that of leucine and even substantially higher than that of valine or phenylalanine (Bodsch and Hossmann, 1982) . L-Tyrosine has the disadvantage of being a branch-point substrate for multiple bio synthetic processes, but incorporation into macro molecules other than proteins can be disregarded since the embedding procedure removes most of the precursor and its metabolites. Following the pro cessing described in Materials and Methods, �96% of the radioactivity in autoradiographs is due to J Cereb Blood Flow Metabol, Vol. 6. No.1, 1986 peptide bonds and thus reflects protein synthesis (Peters and Ashley, 1967) . Moreover, Schultze et al. (1965) demonstrated that in material that has been processed for embedding in paraffin, the au toradiographic pattern of amino acid incorporation into protein is virtually the same using tyrosine, leu cine, or valine. The percentage of tyrosine normally utilized for neurotransmitter synthesis is minimal (Cooper et aI. , 1982) . U sing both 3 H_ and 1 4 C-Iabeled L-tyro sine as precursor, dopamine and norepinephrine turnover rates in different brain areas are estimated to vary from 1 to 20 and from 0.1 to 1.0 nmol/g/h, respectively (Reid et aI. , 1968; Neff et aI., 1969; Cooper et aI. , 1982) . In contrast, published data for protein turnover rates range from 1.8 to 6.0 jJ-mol/ g/h depending on the ratio of white to gray matter of the brain region investigated (Merei and Gallyas, 1964; Pratt, 1979; Bodsch and Hossmann, 1982) . Although during complex pathophysiological con ditions such as hypoglycemia and posthypogly cemic recovery, degradation of tyrosine to aceto acetate and pyruvate as well as brain catecholamine synthesis may be increased, neurotransmitter syn thesis is still negligible for the interpretation of au toradiographs. More than 90% of tritiated cate cholamines are washed out during tissue processing (Hempel, 1965) , and this is similarly true for any labeled lipids derived from degradation products and for most carbohydrates except glycogen.
However, using a tracer dose of [ 3 H]tyrosine, it is not possible to quantitatively determine the rate of protein synthesis due to regionally different al terations of the specific radioactivity in the pre cursor pool during pathophysiologic situations (Kiessling et aI., 1984a) . In a study of experimental epilepsy, however, a quantitative autoradiographic procedure (Dwyer et aI., 1982) that employs the ov erloading technique (Dunlop et aI., 1975) produced a pattern of focal inhibition of protein synthesis very similar to that obtained in tracer dose experi ments. Resolution, however, was clearly inferior (Kiessling et aI., 1984a) . These studies also indi cated that the increase in the specific activity of the precursor amino acid, unavoidable in tracer exper iments, occurs mainly in regions in which protein synthesis is less or no more affected, possibly due to a change in transport kinetics or a reduced rate of protein catabolism. On autoradiographs this leads to an enhanced contrast between normal brain tissue and regions with impaired amino acid poly merization (Kleihues et aI. , 1984) . This phenom enon may also account for the enhanced [ 3 H]tyrosine incorporation into proteins of the ce rebral cortex after 6 h of posthypoglycemic re-covery observed in the present study ( Fig. 1) , al though a true stimulation of protein synthesis cannot be excluded.
In a previous study of protein synthesis during prolonged hypoglycemia, we have demonstrated a severe reduction of cerebral amino acid polymer ization from which only a few structures with a less developed blood-brain barrier were spared (Kies sling et aI. , 1984b). Short-term recovery led to a partial restoration of cortical and hippocampal pro tein synthesis, but the survival period (90 min) was too short to allow for prognostic evaluation of com plete reversibility or a possible secondary deterio ration.
The present study clearly demonstrates that within the vulnerable regions (cerebral cortex, hip pocampus, caudoputamen), the majority of neurons fully regained their protein synthetic capacity within 3-6 h of posthypoglycemic recovery. This was true for cortical neurons of layer III-VI ( Figs.  1 and 2) , CA 3 and CA4 pyramidal cells, the granule cells of the dentate gyrus except the crest region (Fig. 3) , and some large neurons of the caudopu tamen (Fig. 2) . Histopathological studies following long-term recovery from severe hypoglycemia have shown that these cell populations are spared from permanent cell damage (Auer et a!. , 1984h) . Full restoration of protein synthesis within 6 h following a potentially lethal cell injury thus seems to be in dicative of an escape from neuronal necrosis. This is in agreement with studies using a variety of in hibitors including cycloheximide and puromycin, which reduce the rate of cerebral protein synthesis to <20% of control values for several hours (Mc Innes and Luttges, 1973; Kesner et a!., 198 J) , in terrupt axonal transport (Nichols et a!., 1982) , and prevent the formation of long-term memory (Flexner et a!. , 1963; Barondes, 1970; Eichenbaum et a!. , 1976; Berman et a!. , 1978) but apparently do not cause permanent structural damage. The av erage half-life of soluble rat brain proteins has been estimated to be 3 days, that of structural proteins, 5-9 days (Chee and Dahl, 1978) . Although some enzymes (e. g. , ornithine decarboxylase and S-ad enosylmethionine decarboxylase) even turn over at a much faster rate, these findings suggest that a cell is able to survive for considerable time periods using existing supplies of enzymic and structural proteins.
In the present study, another category of neurons could be defined, in which recovery of protein syn thesis was further delayed, with only partial re sumption at 6 h after severe hypoglycemia (CAl neurons, small-to medium-sized neurons of the caudoputamen). In the caudoputamen, full re covery of amino acid incorporation was not seen until 7 days after hypoglycemic coma (Fig. I) , in dicating that neurons, like other cells (e. g. , hepa tocytes) (Farber et a!. , 1971) , may linger with par tially impaired protein synthesis for several days but still have the potential for full recovery. Pro longed impairment of protein synthesis in these re gions, though, seems to carry an increased risk of permanent cell damage. In one animal a patchy de generation of small groups of neurons was observed in CAl and the subiculum after 14 days of recovery.
A third group of neurons showed complete lack of posthypoglycemic amino acid incorporation. They never resumed protein synthesis, regressed, and died without being absorbed by macrophages ( Fig. 4) . After a 30-min period of hypoglycemic coma, such neurons were exclusively located at the crest and the adjacent part of the external blade of the dentate gyrus and the dorsolateral caudopu tamen. The dentate gyrus presented with a clear cut defect of labeling (Fig. 3) . In contrast, overall labeling in the dorsolateral caudoputamen was not diminished (Fig. I) , yet labeled triangular perikarya could not be detected. This was due to a particU larly high number of oval-or star-shaped heavily labeled nonneuronal cells (macrophages, reactive microglia) substituting for deficits in neuronal la beling. These findings may mean that persistent complete inhibition of protein synthesis for >6 h following a severe cellular injury is predictive of cell death. Whether the prolonged severe impairment of protein synthesis itself is responsible for the final outcome in such neurons or whether it merely rep resents a contributing factor or reflects a metabolic derangement of as yet unknown nature cannot be decided from the present study.
The method of high-resolution autoradiography employed here allowed the identification of small subpopulations of neurons that were differentially affected in spite of a similar anatomic location and vascular supply. The most striking example was the selective early recovery of amino acid incorporation in a few hippocampal neurons within and next to the pyramidal cell band of CAl and CA 3 (Fig. 3) . Similarly, large neurons in the caudate nucleus, which were easily distinguishable in the control rat due to their particularly dense labeling, exhibited an extensive, rapid posthypoglycemic recovery (Fig. 2) . This was in sharp contrast to the delayed and gradual restoration of protein synthesis in small-to medium-sized striatal neurons.
Local changes of regional CBF (Siesj6 and Abdul Rahman, 1979), a regionally different capacity for glucose extraction from blood at low plasma glu cose levels (Cremer et aI., 1983; La Manna and Harik, 1983) , and accumulation of toxic metabolites have been discussed as possible causes for the re markable predilection of insulin-induced brain damage for certain nerve cell populations (Siesjo, 1981; Auer et aI., 1984h; Kiessling et aI., 1984h) . These factors could account for a different suscep tibility of a regional or focal nature, e.g., the vul nerability of forebrain structures versus the resis tance of cerebellum and brainstem or the localiza tion of necrotic cells in close relationship to the CSF. A differential metabolic response of certain cell types within the same anatomic region as ob served in the present study, however, is more likely related to chemoarchitecture, e.g., enzyme-or neu rotransmitter-defined properties that determine the metabolic activity or the balance of excitatory and inhibitory influences on a certain subpopulation (Vogt and Vogt, 1922) . Thus, neurons with selec tive, early recovery of protein synthesis in the CAl and CA 3 regions of the hippocampus could repre sent -y-aminobutyric acid-ergic interneurons. Hip pocampal CAl basket cells, as identified by Golgi impregnations, are more resistant to transient ce rebral ischemia than pyramidal cells (Johansen et aI., 1983) . Elevation of extracellular concentrations of excitatory amino acids such as glutamate and aspartate in the hippocampus has been proposed as a possible causative factor. Vulnerable pyramidal neurons receive glutaminergic input, whereas basket cells do not (Benveniste et aI., 1984) , and evidence exists that pharmacological blockage of N-methyl-D-aspartate receptors may exert a protec tive effect against ischemic neuronal damage in the hippocampus (Simon et aI., 1984) . Similarly, Pulsi nelli et al. (1982) observed an extensive loss of striatal small-to medium-sized neurons following transient ischemia, whereas large intrinsic neurons were remarkably well preserved. In a subsequent study, Francis and Pulsinelli (1982) correlated this pattern of morphological damage to biochemically measured alterations of neurotransmitter-related enzyme activities in the striatum. The reversal of the normal gradient of labeling between medial and lateral fields of the caudoputamen 24 h following hypoglycemia (Fig. 1) is also reminiscent of the his tochemical compartmentalization of striatal tissue, particularly mediolateral gradients in the distribu tion of opiate and acetylcholine receptors (Young and Kuhar, 1979; Rea and Simon, 1981) . Further studies, employing techniques that allow the simul taneous cellular visualization of metabolic-and neu rotransmitter-defined properties, are necessary to J Cereh Blood Floit' Metahol, Vol, 6 , No.1 , 1986 further clarify the mechanisms leading to different susceptibility of certain cell types.
